This research aimed to evaluate the effect of nicotine treatment and prior training on a spatial learning task in differently aged NMRI male mice. In a longitudinal study, mice were randomly assigned to one of 14 experimental groups receiving different combinations of chronically injected nicotine (0.35 mg/kg) administered for 10 days (5 days before and during 5 days acquisition of task) or control treatments and training in the water maze at different ages. The mice displayed shorter escape latencies when evaluated at 6 and 10 months than when tested in this task at 2 months for the first time, demonstrating that early training preserves performance in the water maze up to 8 months after the initial experience. Nicotine treatment did not significantly change performance in the water maze at any age tested. Early practice in a spatial reference memory task appears to have lasting consequences and can potentially contribute to preventing some age-related spatial learning deficits.
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INTRODUCTION
Spatial cognition is essential for the integration of environmental information but progressively declines with advancing age in humans, monkeys and rodents (Erickson & Barnes, 2003) . Certain performance deficits in spatial task ability are observed at a relatively early age in rodents (Foster et al., 1996; Miyagawa et al., 1998) . The need to pay attention to early manifestations of brain aging has been underscored both in humans and in ents (Finch, 2003) . The Morris water maze task is a useful paradigm to investigate age-related spatial impairments since it is based on processes that may resemble human spatial functioning (Barnes, 1998; D'Hooge & De Deyn, 2001) , although individual differences among aged rats have been described in this paradigm ).
This animal model has been used to show a deficit of performance at 9 and 10 months of age in strains NMRI and C57 mice respectively (Magnuson, 1997) . It is also reported that prior experience in spatial tasks can influence performance when animals are re-tested on the (C) 2003 Freund & Pettman, U.K. 304 same task. Consequently, life-long experience can reduce the performance deficits in spatial memory tasks typically observed in aged rats (Dellu et al., 1997) and mice (Vicens et al., 2002) . In a longitudinal study, Markowska and Savonenko (2002) found that repeated exposure to the task counteracted age-related deficits in a reference memory task in the water maze in rats.
Given the effects of spatial training in rodents, it was thought that a study of the interaction between drug effects and prior experience in the spatial task would be of considerable interest. The effects of certain drugs could well vary as a consequence of prior experience in the task. For example, a manipulation of muscarinic (Whishaw, 1989), NMDA, or benzodiazepine receptors (Keith & Galizio, 1997) impairs the acquisition of the water maze task by naive rats but not by expert animals receiving non-spatial training. Diazepam impairs place learning in experimentally naive rats but does not alter learning in rats made familiar with the experimental conditions (Zanotti et al., 1994) . Moreover, non-spatial pre-training in the water maze or pre-training in a different water maze alleviates or even almost completely prevents the learning deficit caused by an NMDA receptor antagonist in rats (Bannerman et al., 1995; Saucier & Cain, 1995) .
Nicotine is a substance extensively consumed by humans during adulthood, although there are suggestions that some of its behavioral actions may be sensitive to the age at which its use is initiated (Faraday et al., 2003; Levin & Simon, 1998) . A recent review of neurotransmitter systems involved in learning and memory of the water maze tasks indicates that acetylcholine is one of the more clearly implicated neurotransmitters, although the results obtained with the administration of cholinergic agonists and antagonists are complex (Myher, 2003) . The nicotinic cholinergic system contributes to spatial processing (Cain, 1998; Sarter & Bruno, 1998; Mc Gehee, 2002) , but the effects of nicotine on spatial reference memory are not very clear.
A variety of experiments performed using the water maze have shown that nicotine improves spatial reference memory in aged (Riekkinen et al., 1996; Riekkinen & Riekkinen, 1997; Socci et al., 1995) and young rats (Abdulla et al., 1993; 1996; Hodges et al., 1995) , whereas other studies using mice have either not replicated this finding (Lamberty & Gower, 1991) or even reported an impairment (Bernal et al., 1999) . Such divergent results are congruent with the effects of nicotine on spatial reference memory evaluated using the radial maze, since this drug did not improve performance of young rats (Levin, 1996) . In a similar task, the administration of a nicotinic antagonist did not have significant effects on reference memory (Addy et al., 2003) .
Apparently, no study has used nicotine to compare drug-induced performance in the water maze in mice tested at different ages and with varying familiarity with the task. It has been suggested that the age at which animals started testing in the water maze and the number of retesting periods could influence the effects of past practice on the performance of this spatial task (Markowska & Savonenko, 2002) . Experience in this spatial task could also be a strategy that modifies the behavioral effects of nicotine. In fact, certain authors have indicated that the effects of different drugs on performance in the water maze change, depending on their previous practice in the experimental task (Keith & Galizio, 1997; Zanotti et al., 1994) . For this reason, the main aim proposed in our research was to evaluate the potential influence of different combinations of nicotine administration on the acquisition and retrieval of memory related to the water maze task using a complex longitudinal design to compare performance in naive male NMRI mice and in those receiving training in the same task across their life-span. 
Apparatus
The mice were tested in a Morris water maze made of black Plexiglas (1 m diameter and 30 cm high), based on that described by Morris (1984) but adapted for mice. The maze was filled with water to a depth of 15 cm and maintained at 24 +_ C. A small transparent platform (6 x 6 cm) submerged cm below the surface of the water was located in the NW quadrant (target quadrant).
The mice performed 4 trials per day for 5 consecutive days and, at this time were allowed 60 sec to find the hidden platform. If unable to do so, the mice were led to it by the experimenter. When on the platform, regardless of whether it was found independently or after guidance, the animals were allowed to stay for 30 sec and observe their surroundings. A 30 sec inter-trial interval was given. Starting positions from the three possible sites on the perimeter of the pool, situated in each of the quadrants not occupied by the platform, were chosen at random as in previous studies (Moragrega et al., 2003; Vicens et al., 1999; 2002) . The starting positions for each day were determined so that all animals started equally from each point; two successive trials never began from the same position. At the end of the fourth trial of the last day, a probe trial was given during which the platform was removed and mice were allowed to swim for 60 see. This trial was recorded by a video-camera (Panasonic M7 VHS, Japan). The measures obtained were escape latency (time to reach the submerged platform) and search time in each quadrant during the probe trial.
Drugs
Mice received (-)-Nicotine di-(+) tartrate salt (0.35 mg/kg as base) (SIGMA-Aldrich, Madrid, Spain) dissolved in isotonic saline (0.9% NaC1) injected at a volume of 10 ml/kg (Nit), control injections of physiological saline (Sal) or no treatment (Not), according to the treatment schedule (see Table 1 ). The pH of the nicotine solution was adjusted to 7 by adding dilute NaOH. Both nicotine and physiological saline were administered subcutaneously (SC) 15 min before the performance of the spatial task.
Procedure
Mice were assigned to one of 14 experimental groups and evaluated in the water maze at different ages: 2 months (Training Phase, n= 140), 6 months (Test Phase, n 126) and 10 months (Retest Phase, n 110) when appropriate in each group in accord with the treatment schedule (see Table 1 ). Along the longitudinal study, the loss of animals from natural death decreased the number of mice in some groups, especially during Re-test phase. The testing period (every 4 months) was selected because in an earlier longitudinal study in NMRI mice this period allowed the observation of changes in performance .
Nicotine or physiological saline were administered five days before the beginning of the experimental task and during the five acquisition days. Each group also received a denomination composed of three abbreviations, indicating the phase (Training, Test, Retest) at which the drug and experience in the water maze was given (see Table 1 ).
Training phase (2 months)." Half of the twelve groups trained in this phase were treated with nicotine and the other half received physiological saline (see Table 1 ). These groups were trained in the water maze at 2 months of age, receiving 4 trials for 5 consecutive days, as described in the 'Apparatus' section. Two groups to be tested at 10 months as 'na'fve' mice did not receive training or pharmacological treatment at this phase.
Test phase (6 months)." In this phase, in accord with the experimental protocol (see Table 1 ), mice were injected with nicotine or physiological saline and evaluated in the spatial task at 6 months of age in the same room and with exactly the same disposition of spatial cues as in the training test. Treatment administration is described in detail in. Re-test phase (10 months)." The performance of naive animals at 10 months of age were compared with groups of mice of the same age that had received previous training in the water maze at 2 months of age, and with other groups that had been trained at both 2 and 6 months of age. All groups previously trained in the task received pharmacological treatment (nicotine or physiological saline) according to the experimental design (see Table 1 ). In addition, one naive group (no drug administration or behavioral experience) was injected with nicotine (Not-Not-Nic Group) and another naive group received physiological saline injection (Not-Not-Sal Group) (see Table  ! SaI-Nic-Nic Test Phase (6 months of age)." Groups with prior experience in the water maze at 2 months of age under saline or nicotine treatment and receiving the same or different pharmacological treatments in the test phase were compared (see Table 1 ). The ANOVA revealed no differences between groups receiving different treatments. The factor Day reached statistical significance (F (4, 256) 19.396 p < 0.0001). Mice showed longer escape latencies on day than on all other days (p< 0.01) (see Fig. 2 ). No other factor or interaction reached statistical significance.
Results of probe trial are shown in Table 3 . ANOVA showed that the factor Quadrant was statistically significant (F (3,192) Table 1 ) and which were subsequently given the same or a different drug treatment before being tested on the spatial task were compared. In addition, two control groups were tested for the first time at this age when given nicotine or saline injections. The ANOVA showed significant differences between groups (F(13, 96) 2.823 p < 0.01), although post hoc Newman-Keuls test did not identify the source of any of these differences. Animals swam faster over days (F(4, 384) 30.991 p < 0.0001) and showed a worse performance on day than all the other days and on day 2 than on day 5 (p < 0.01) (see Fig. 3 (Fig. 4) . In addition, the mice learned to localize the hidden platform over days (F(4, 208) 62.524 p < 0.0001). There was no interaction between factors Phase and Treatment.
Comparison between Training (2 months) and Re-test (10 months) phases: ANOVA showed differences in the factor Phase (F(I, 80)= 19.363 p < 0.0001) indicating a better performance in the Retest than in the Training phase (p < 0.01) (see Fig.  4 ). The factor Day was also statistically significant (F (4, 320) 112.687 p < 0.001), as was the interaction Treatment x Phase (F (11, 80) 2.11 p < 0.05).
Comparison between Test (6 months) and Retest (10 months) phases: Figure 4 shows that there were no significant differences between phases. Comparisons between the mean (+ SEM) daily escape latencies (averaged over four trials/day) of all groups tested at 2 months of age (training phase), 6 months of age (test phase) and 10 months of age (re-test phase).
DISCUSSION
The present research aimed to evaluate whether the performance of a spatial learning task at different ages is influenced by a behavioral intervention (training in the water maze) and a pharmacological manipulation (chronic nicotine administration).
Effects of nicotine administration on watermaze performance at different ages: The findings presented here show that nicotine at the dose tested did not change the water maze performance of NMRI mice at any of the ages tested, reflecting that the age at which nicotine was administered did not influence spatial reference memory. At 10 months of age (re-test phase), a comparison between the performances of all groups (both with or without one or two previous experiences in the water maze task) indicates that chronic nicotine administration had no clear positive effect on NMRI mice at this age. In fact, 10-month old naive mice receiving 0.35 mg/kg of nicotine did not show a better acquisition or retention of the water maze task than did the naive vehicle-treated mice.
The results of this study agree with previous reports indicating no beneficial effect of nicotine administration on the acquisition or retention of spatial tasks (Bernal et al., 1999; Lamberty & Gower, 1991) , although in these studies the effects of age were not specifically tested. This issue is, however, important because some reports indicate a great variance in behavioral responses to nicotine administration in rodents of different ages. For example, adolescent male rats are more sensitive than adults to nicotine's activity-enhancing effects in the actimeter (Faraday et al., 2001; . Also reported is that early adolescent mice (24 to 35 days old) have a greater vulnerability to nicotine, showing a marked stable preference for oral selfadministration (Adriani et al., 2002) . Our data indicate that the age at which mice were tested in the present experiment did not modify the action of nicotine in the water maze task because no significant differences in performance occurred after pharmacological treatment.
Variability in mouse strain, drug dose, or treatment duration could account for the discrepancy between studies reporting divergent nicotine effects on spatial learning. For example, Lamberty and Gower (1991) failed to obtain significant effects of nicotine administration to antagonize the scopolamine-induced impairment of performance in the water maze in female NMRI mice. In C57 male mice, when nicotine was administered at a dose similar to that used in the present research, only during acquisition days, it did not improve performance in the water maze; and actual impairment was observed with a higher dose (Bernal et al., 1999) . In this strain of mice, however, a beneficial effect of nicotine on acquisition of a spatial task after chronic treatment for 9 days was reported (Bemal et al., 1999) .
The failure of nicotine to improve spatial learning may also be explained, in part, by the good spatial ability displayed by NMRI mice because this strain shows a rapid acquisition of the task , although earlier findings had suggested that such mice display a spatial learning deficit at 9 months (Lamberty & Gower, 1990) . In the present experiment, naive mice tested at 10 months of age for the first time showed a worse retention of the platform location, although they had no acquisition deficit. Thus, it can be hypothesized that to observe any improvement in task performance induced by nicotine (Dellu et al., 1997; Fordyce & Wehner, 1993; Markowska & Savonenko, 2002; Miyagawa et al., 1998; Moser et al., 1997; PerrotSinai et al., 1996; Pitsikas et al., 1991) and extend those of earlier reports indicating the beneficial influence of prior training at an early age in NMRI mice 2002) . Such a protective effect of experience is consistent with studies in humans, which have demonstrated the efficacy of spatial training in age-related cognitive deficits (Moffat et al., 2001 ).
Certain hypotheses have been postulated to explain beneficial effects of training in learning tasks. Age differences in spatial learning in rats have been related to rigidity in place cell firing patterns (Tanila et al., 1997) . Recent evidence confirms a correlation between spatial memory evaluated in the water maze task and spatial representations in hippocampal cells, supporting a difference in information-processing ability between young and aged hippocampus (Wilson et al., 2003) . It has been suggested that previous experience in the water maze could confer a protection from age-related deficits in spatial memory. In this preservation, training at an early age could be acting as a complex stimulation favoring brain plasticity mechanisms, inducing neurobiological changes similar to those described after environmental enrichment (Moser et al., 1997; Van Praag et al., 2000) .
In addition, possibly past experience in the water maze could reduce the incidence of stress or anxiety-related behaviors that appear after the initial exposure to the apparatus (Dellu et al., 1997; Perrot-Sinal et al., 1996) . In fact, recent data support the role of novelty during the first experience in the water maze in explaining the cognitive deficit usually observed in this spatial task with age (Markowska & Savonenko, 2002) . In accord with this, some authors have indicated that the effects of different drugs on performance in the water maze change depending on previous practice in the experimental task (Keith & Galizio, 1997; Zanotti et al., 1994) . Therefore, experience in the task could be a strategy that modifies the effects of pharmacological manipulations. At the end of our experiment, when the mice were 10 months old, no difference in acquisition was observed between groups that received only saline treatment in the three experimental phases (2, 6, and 10 months of age) and those receiving nicotine in some or all phases. If we consider the results obtained during the probe trial, which measure the retrieval of the task, it can be observed that in the re-test phase performed when mice were 10 months old, a deterioration in the retention of the platform position occurred because mice receiving their first training in the task at this age (Groups NotNot-Nic and Not-Not-Sal) did not show any preference for the target quadrant. Data from the probe trial indicate that in groups that had received prior training at 2 months of age and were reevaluated at 10 months of age, a preference for the target quadrant during this re-test phase occurred only in groups receiving saline treatment when trained at 2 months, but not in those treated with nicotine at this age. In addition, groups that had received training in the water maze both at 2 and 6 months of age showed, in general, a clear preference for the training quadrant when reevaluated at 10 months of age. This preference was statistically significant in all groups, with the exception of the Sal-Sal-Nic group, although such animals also spent more time in the target quadrant. These findings indicate that performance during the probe trial is sensitive in detecting the progressive cognitive decline with age.
In summary, the results presented here demonstrate the beneficial effect of early experience, as shown by the evolution of water maze performance at different ages. The current findings also indicate that chronic nicotine treatment does not have a significant effect on the acquisition of the spatial task by naive NMRI mice (at any age tested). However, an interaction between practice in the water maze and nicotine administration cannot be completely discarded because certain differences emerged in the retrieval of the spatial task in expert animals. Further experiments will be needed to explore the effects of a wider number of combinations with different protocols of training in the water maze and administration of nicotinic agonist agents.
